The European Space Agency activated the Rosetta spacecraft on its way to comet 67P/ Churyumov-Gerasimenko for an observational campaign of comet 9P/Tempel 1 during Deep Impact. The distance of the Rosetta spacecraft from the comet was 7.95 Â 10 7 km, and the phase angle (sun-comet-Rosetta) was 69-. The scientific camera ensemble OSIRIS was used to make observations for 17 days from 28 June (23:45 UTC) to 14 July 2005 (15:00 UTC) and at up to one image per minute around the time of impact. The wide angle camera (WAC) used narrow-band filters to observe the gas components OH (H 2 O), CN, Na, and OI with a scale of 7800 km per pixel. The narrow angle camera (NAC) used broad-band filters to characterize the dust with a scale of 1500 km per pixel. Observations through the CN (387 T 2.5 nm) and orange (648 T 43 nm) filters are reported here. The impact produced 1.5 Â 10 32 water (H 2 O) molecules, based on OSIRIS OH observations (1) .
To improve the signal-to-noise ratio of the narrow band WAC images, clusters of 4 Â 4 pixels (super pixels) were binned on the charge-coupled device (CCD), reducing the spatial resolution to 31,200 km per super pixel. Images taken with the ultraviolet (UV) 375-nm filter were scaled with the solar spectrum and subtracted from the CN images to correct for the dust continuum.
Initial observations determined the steadystate production of CN before the impact. We summed the median of the intensity of preimpact images over artificial apertures, with radii between one and five super pixels. Intensities were converted to the number of molecules in each aperture using the fluorescence efficiencies from (2) . Then the Haser model (3, 4) for the radial outflow of the unknown parent molecule(s) and the radical (dissociation product) CN were used to determine the production rate. We assumed that the outflow velocities of the molecules was 0.7 km s j1 (5), and we fixed the dissociation lifetime of CN at 3.5 Â 10 5 s Eall lifetimes and scale lengths relate to 1 astronomical unit (AU)^to yield a scale length of 2.5 Â 10 5 km (6). The lifetime of the parent molecule(s) of CN is uncertain (6) . Several lifetimes for the parent molecule were therefore tried, and a short lifetime of 3 Â 10 4 s agreed best with the data. The corresponding production rate of the CN parent before the impact is (4.1 T 0.2) Â 10 24 s -1 and (5.4 T 0.5) Â 10 24 s -1 for parent lifetimes of 3 Â 10 4 s and 5.5 Â 10 4 s, respectively.
The CN cloud was observed as it expanded from the vicinity of the nucleus by increasing virtual apertures centered on the nucleus. The data yield the total number of CN radicals produced by the impact (Fig. 1 ). This analysis is independent of the outflow velocity of the species but does depend on their lifetimes. The data are in better agreement with a longer lifetime of the parent of CN (94 Â 10 4 s) than determined for the production before and, later, after the impact. HCN, with a lifetime of approximately 7 Â 10 4 s (7, 8) , has been suggested as the parent molecule of CN. If the lifetime of the CN parent in the impactcreated cloud is indeed larger than it was before the impact, HCN is more important relative to other CN parents in the impact cloud than in the normal production.
A lifetime of the CN parent of 5.5 Â 10 4 s is marginally consistent with both the preimpact production of CN and the CN in the gas cloud created by the impact. In this case, (5 T 1) Â 10 29 molecules have been emitted due to the impact. Comparison with the impact-produced water E(1.5 T 0.5) Â 10 32 molecules (1)^yields a CN-to-H 2 O ratio of (3.3 T 1.1) Â 10 j3 for the impact cloud. This is somewhat higher than before or after the impact E(1.6 T 0.3) Â 10 j3 for a preimpact water production rate of 3.4 Â 10 27 s j1 (1)^. Should the lifetime of the CN parent in the impact-created cloud be larger than during normal activity, the CN-to-H 2 O ratio in the impact cloud would be higher (approximately 4 Â 10 j3 for 7 Â 10 4 s).
The data suggest an enhanced abundance of the CN precursors in the impact cloud relative The dust production of 9P/Tempel 1 was observed using the following NAC broad-band filters: clear, 640 (orange), 744, 882, and 990 nm. The dust production before the impact, expressed as Afr 0 102 T 4 cm (9) within an aperture of 7500 km radius (5 pixels), is slightly higher than 94 T 2 cm at the end of our observation campaign. The total brightness of the dust observed through the orange filter corresponds to a surface of 33 T 3 km 2 , assuming a scattering albedo of 1 (1). In the outer coma, the motion of the dust particles is influenced by solar radiation.
The dynamics of the dust cloud caused by the impact are revealed by analyzing its brightness distribution proportional to the geometric cross section of the particles (Fig.  2) . We assumed that the cloud was ejected into a 90-cone directed toward right ascension (RA) 0 86-and declination 0 -25-(10), and OSIRIS looked at the plume from the side. At 21.5 hours after impact, the dust was detached from the nucleus and formed an arc pointing into the westerly direction and extending over a hemisphere. The dust maximum shifted to the side south of the solar direction. With time, the dust arc extended even more in the anti-solar direction and moved away from the nucleus while becoming fainter. Three days after impact, the dust reached a distance of about 150,000 km from the nucleus. Traces of the dust could be found up to 7 days after impact.
The acceleration of the particles (with radius a) relative to the nucleus is determined by b, the ratio of solar radiation pressure force (ºa 2 ) to gravity force (ºa 3 ). This acceleration varies inversely to a. The position of a dust particle at a certain time after the impact is hence determined by its outflow velocity and its b value. The analysis shows that the fastest particles moved with velocities 9400 m s -1 . However, slow particles moving at speeds comparable to the escape velocity from the nucleus (11) also contribute to the observed brightness (Fig. 3) . The analysis of the brightness shows that most of the dust left the inner coma at 9160 m s -1 . This velocity is much higher than what is expected from an impact in the gravity regime. In this case, by applying scaling laws (12) , it is clear that at best, a few percent of the dust mass will reach velocities of more than 50 m s j1 . Speeds of several hundred meters per second are commonly observed for small grains in the normal coma. The grains are dragged away from the surface of the nucleus and then are rapidly accelerated by outward-streaming gas in the vicinity of the nucleus. Most of the energy of the impactor (2 Â 10 10 J) is used to excavate the nucleus material and to accelerate it into the plume. The impact energy is not sufficient to sublime the observed amount of 1.5 Â 10 32 water molecules for which 1.2 Â 10 13 J (2.5 Â 10 6 J kg -1 at 200 K) are required. Therefore the excavated material will have retained most of its original (water) ice content. The plume is optically thick at first, and most of its dust particles are not visible. Cometary dust is well known to fragment easily (13) (14) (15) . The dust particles are rapidly heated once the sunlight can penetrate into the plume. The liberated dust particles are accelerated by the hot (200 K) water molecules and the surrounding coma. This process takes about 40 min; after that time, when the brightness increase leveled off, only large Bwet[ dust particles were left to fragment. The low-speed dust plume traveled about 10 nuclear radii before it dispersed (with a bulk outflow of 10 m s -1 , a distance of 24 km is reached). This is well within the collisional regime of the coma (16) . The assumption that the dust grains were radially accelerated from the nucleus area at the time of impact is therefore justified for our analysis. The observed dust distribution (Fig. 2) is similar to that of a time-limited (G90 min) outburst from an active area. Connecting the Fig. 2 . Appearance of the impact-generated dust cloud at different times after the impact. The preimpact coma has been subtracted from the images by centering on the brightness maximum at the nucleus. The resolution is about 3000 km. Fig. 3 . Dust cross section as a function of outflow velocity for an albedo of 1 assuming isotropic scattering. Values need to be divided by the dust albedo (È0.1) at phase angle of 69-for the actual geometric dust cross section. The vertical lines indicate the 3s detection limit of dust and the maximum detectable velocity in the minimum virtual aperture radius.
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Dust cross section (km 2 ) particle size to the outflow velocity via b (that varies over several orders of magnitude) suggests that large particles have a smaller outflow velocity than do small ones and yields the particle size distribution. The integrated mass of the dust particles is much bigger than is the mass of the liberated water (dust-to-ice ratio 91).
To further characterize the brightness increase immediately after impact, we plot its derivative, the change in brightness per time interval (Fig. 4) . We also include the exposures through the clear filter. The first exposure begins 10 s after the impact (integration time is 45 s, followed by a clear exposure of 35 s, repetition time 80 s), when the brightness of the nascent expanding ejecta cloud is increasing rapidly, the high temperature flash of the impact has just decayed. The brightness increased further (second exposure after impact) but the slope (brightness change per time) decreased rapidly and dropped to near zero for the fifth exposure around 200 s. The slope increased again after È230 s reaching a steady value for 20 min before dropping again for 5 min. After about 40 min, the brightness increase leveled off; after 90 min, further increases in brightness were not evident.
What is the explanation for the dip in brightness increase about 200 s after impact? In the case of a gravity-controlled impact, a large amount of the ejecta, the curtain, leaves the crater with low outflow (on the order of meters per second), and most of the ejecta is deposited near the crater (17) . This redeposition (loss) of dust is reflected in the slow increase of overall brightness of the plume and seems to be finished when the constant slope is reached after about 230 s. The observed time scale is in agreement with the prediction of the crater formation on 9P/Tempel 1 (17) and could possibly be used to constrain the crater size. 
